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Abstract: China has abundant straw resources, with over 800 million tons of crop straw
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produced annually. Directly returning straw to farmlands or using it as fertilizer can not only
reduce the use of chemical fertilizers and alleviate agricultural non-point source pollution but
also achieve the recycling of crop straw. Lignin has a complex structure and is entangled with
cellulose and hemicellulose. Therefore, in the natural decomposition process of straw, lignin is
the main limiting factor. Mining lignin-degrading microorganisms and deciphering their
degradation mechanisms to improve the degradation efficiency have gradually become research
hotspots. By reviewing the available studies of lignin-degrading microorganisms, we compared
the lignin degradation characteristics of fungi and bacteria and analyzed the advantages of
composite degrading consortia. Subsequently, we summarized the properties of
lignin-degrading enzymes and their expression characteristics in different microorganisms, and
introduced the research progress in lignin degradation mechanisms and derived aromatic
hydrocarbon metabolic pathways. Finally, we reviewed the application of lignin-degrading
microorganisms in the production of straw fertilizers and put forward the application prospects
and research directions of microbial degradation of lignin in straw.

Keywords: straw; lignin; microbial degradation; lignin-degrading enzymes; mechanism of

bio-degradation
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Lignin structural features’>”). A: The three phenyl propane monomers in the lignin structure. B: The

i

lignin structure with different types of carbon-carbon bonds (red dashed box) and ether bonds (red solid box)
linked to the disordered polymerization of lignin monomers. The carbon-carbon bonds in the lignin structure
mainly include B-1 (1,2-diaryl-propane bond), B-5 (phenyl coumaranbond), and 5-5 (diaryl) bond, and the ether
bonds mainly include a-O-4 (alkyl-aryl ether) bond, f-O-4 (alkyl-aryl ether) bond and 4-O-5 (diaryl ether) bond.
Among them, the $-O-4 bond is the most abundant, accounting for about 50% of the structural bonds of lignin.
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Table 1 Partial fungi and bacteria that have been reported to degrade straw lignin
Type Strains Straw substrate Source Reference
Fungi Lenzites betulina Corn - [13]
C. versicolor Corn - [13]
D. squalens Wheat - [14]
Fomitopsis pinicola Wheat - [14]
P. chrysosporium Corn, rice - [15]
Lentinula edodes Corn, rice - [15]
Bacterium S viridosporus Wheat, corn Soil [26-27]
R. jostii Wheat Soil [28-29]
R. erythropolis Wheat Wood, soil [30]
B. amyloliquefacienss Cigarettes and tobacco Soil [31]
Pseudomonas sp. Wheat Termite gut [32]
Ochrobactrum pseudintermedium  Corn, rice, peanut vine Water buffalo rumen [33]

B. sonorensis
Klebsiella pneumoniae
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Table 2 Laccase and peroxidase in some strains and the optimal conditions for enzyme production

Type Strains Optimum pH Optimum temperature (°C) Reference
Laccase P. ostreatus 3.0 50 [55]
Ganoderma lucidum 3.0 60 [56]
T. trogii 4.0 60 [57]
Cerrena unicolor 2.6 45 [58]
Clostridium botulinum 7.0 50 [59]
K. pneumoniae 5.0 50 [60]
Lignin peroxidase P. chrysosporium 3.0 40 [73]
Acinetobacter sp. 2.0 60 [74]
Manganese peroxidase G. lucidum 4.5 25 [75]
K. pneumoniae 5.0 50 [60]
Versatile peroxidase Pleurotus eryngii 3.0 45 [76]
Physisporinus vitreus 5.0 40 [77]
Dye decolorization peroxidase  P. sapidus 4.5 15-30 [78]
Dictyostelium discoideum 4.0 20—40 [79]
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Figure 2 Schematic diagram of microbial depolymerization of lignin and metabolism of derived aromatic
hydrocarbons[27’83]. Microbial degradation of lignin can be divided into two stages: Depolymerization and
mineralization. A: The depolymerization stage of lignin. The C—C bonds and C—O bonds inside lignin are first
oxidized by laccase and peroxidase secreted by microorganisms, and the lignin macromolecules are
depolymerized into simple monomer forms. B: The mineralization stage of lignin. The aromatic compounds
produced by lignin depolymerization are converted into intermediates through various metabolic pathways, and
finally the intermediates are further degraded by various ring cleavage pathways and enter the tricarboxylic acid
cycle.
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